The objectives of this study were: (1) to submit comprehensive information about the distinctions among pan coefficient (Kp), crop coefficient (Kc), and crop-pan coefficient (Kcp); (2) to reveal the importance of using pan evaporation for irrigation scheduling. The amount of water allocated for agricultural production has been decreasing due to rapid population growth, industrialization and contamination. Therefore, to obtain maximum yield and avoid excessive water application, the water requirements of the cultivated plants should be accurately determined, and irrigation water should be applied according to the needs of the plants. Crop water consumption (ETc) varies from region to region depending on crop type, stage of growth, soil, and climate conditions. Different evapotranspiration rates may be observed even in different parts of the same region. Considering global warming and climate change in recent years, it is clear that the predicted ET values of a year can not be used safely for upcoming years. Research studies have revealed a linear correlation between crop water consumption and the amount of water evaporated from open water surface. Therefore, irrigation scheduling through using the combination of proper crop-pan coefficient and pan evaporation (Class-A pan) is very important due to both ease of adjustment to the climate changes and ease of application. Even though many studies have been conducted on this issue, there is still need to collective and detailed information about use of evaporation pan for irrigation scheduling and above mentioned coefficients.
INTRODUCTION
To obtain the highest gain from gradually decreasing irrigation water resources and narrowing agricultural areas, one must obtain the highest yield with per unit water from a unit of area. Therefore, it is important to set up irrigation scheduling for optimum crop yield (Ertek et al., 2002) . Irrigation scheduling is one of the most effective tools to preserve water (Fereres, 1996) and it makes possible an increase in crop yield, water economy by better adjustment to the crop requirements during the growth season and energy savings by avoiding excessive water application (Werner, 1996) . Crop evapotranspirations are an important components used in the planning, design, construction, operation, and maintenance of irrigation systems (Güngör, 1990) . Because crop evapotranspiration largely depends on soil and climatic conditions, it must be determined for each crop in different regions (Ertek et al., 2002) .
The conducted studies reveal that climate change will play a restrictive role for water resources all over the world (Fıstıkoğlu, 2008) . In order to set up the most suitable irigation program for cultivated crops, one needs to know the predicted evapotranspiration values of crop. The most reliable method in the estimation of crop evapotranspiration is direct measurement method. However, due to time-consuming and costs of direct measurement methods, and global-warming problem and climatical change lately, evapotranspiration values determined for previous years will not be valid in the future. Therefore, evapotranspiration estimation methods using climate datas will increasingly gain ground in irrigation scheduling over coming years. Irrigation programs by using evaporation pan make a greater profit in terms of easiness of adaptation to global climate change. This is due to identical effects of air temperature and solar radiation on both crop evapotranspiration and pan evaporation. In other word, climatical factors affecting evaporation also affect crop evapotranspiration and evaporation pans provide a measurement of the combined effect of temperature, humidity, windspeed, and sunshine on the crop water consumption. Studies have shown that evaporation pans can be used in the irrigation programs and correlation between pan evaporation and crop evapotranspiration is higher than other empirical relationships. In a study conducted by Aydınşakir et al. (2003) for estimation of grass reference evapotranspiration through empirical equations, it was determined that class-A pan evaporation method was the most suitable estimation method and it was followed by the Penman method. Lage et al. (2003) found that cumulative ET was 20% greater than cumulative ET0 and cumulative Epan gave a good approximation of the cumulative ET in the field measurements of evapotranspiration from paddy rice (ET).
To schedule irrigations using the water budget method, the irrigation system manager must be able to measure or estimate the rate at which water is being used by a crop. Evaporation pans can be used to indicate the rate of crop water use. An evaporation pan is an open pan of water that is subject to the same climatic conditions with a growing crop, and from which water is evaporated as a result of the climatic conditions experienced (Smajstrla et al., 2000) . Pan evaporation method usually gives reliable results if its calibration is made for different climate regions (Jensen et al., 1990) . Studies have revealed that pan evaporation method gives better results than other methods for estimation of reference crop evapotranspiration. However, it is especially important to chose the pan coefficients with a high degree of accuracy concerning relative humidity and wind speed (Irmak et al., 2002; Selles and Ferreyra, 2005, Maldonado et al., 2006) .
The purpose of study was to present suggestions about proper use of coefficients (Kp, Kc, and Kcp) usually used for irrigation programs and prediction of crop evapotranspiration. Another objective was to reveal the importance of evaporation pans in irrigation programs and to show the binding criteria in the use of the pan evaporation method.
METHODS
Many authors have often made improper use of some coefficients (Kp: pan coefficient; Kc: crop coefficient and Kcp: crop-pan coefficient) used in irrigation scheduling. Therefore, in this study, previous studies conducted on this issue was chosen as matterial to eliminate confusion, clarify their true meanings, make proper use of related symbols; in addition, it was elaborately clarified the importance of the pan evaporation method.
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Studies conducted for estimation of evapotranspiration using the pan evaporation method by Ertek et al. (2004) and Maldonado et al. (2006) were selected as examples, in order to better explain of the afore-mentioned subject. In connection with this subject, Ertek et al. (2004) used the pan evaporation method for irrigation scheduling of summer squash in Van, Turkey. Maldonado et al. (2006) utilized the pan evaporation method and the Penman-Monteith reference evapotranspiration to determine an irrigation program for sugar beets in the central plain of the San Carlos Commune, Chile and they compared these two methods. Graphs and regression equations in above mentioned studies were analysed. Regression analysis was applied to clarify the relationships between pan evaporation and crop evapotranspiration.
RESULTS AND DISCUSSION

Use of the pan coefficient (Kp)
Evaporation is a part of the hydrologic cycle and it is defined as the water-vapor flux moving from a surface towards the atmosphere. Evaporation takes place from surfaces of water, soil, crop and snow. The rate of evaporation is directly proportional to altitude, temperature, air currents and solar radiation, and indirectly proportional to air humidity. Evaporation surface features are effective on the evaporation amount. Pan evaporation data can also be used to estimate the evaporation from free water surface (Apan, 1982) . Measurements of pan evaporation constitute the basis of several techniques for estimating evaporation and evapotranspiration from natural surfaces whose water loss is of interest. Measurements made by evaporation pans are advantageous because they are the result of the impact of all the meteorological variables, and because pan values are available immediately and for any period required. Therefore, evaporation pans are usually used to obtain information about evaporation on a routine basis within a network (WMO, 2009) . Class-A pan is the most used type of evaporaton pan in practice.
In the United States, the National Weather Service has standardized its measurements on the "Class A evaporation pan", a cylinder with a diameter of 120.7 cm and a depth of 25.4 cm (Figure 1 ). The pan is raised 15 cm above the ground, levelled and firmly supported over a wooden base, which in turn is held above ground level by concrete blocks at the corners, and it's upper surface is often covered with wire screen to prevent animals drinking from them ( Figure 2) .
Evaporation is measured daily with hookgauge as the depth of water evaporates from the pan. The pan is filled up to 5 to 8 cm from the top and the water level should not be allowed to drop to more than 7.5 cm below the rim. At the end of 24 h, the amount of water to refill the pan to top is measured. If precipitation occurs in the 24-h period, it is taken into account in calculating the evaporation. Sometimes precipitation is greater than evaporation, and measured increments of water must be removed from the pan (Anon, 2008a) . For ease of interpretation, evaporation Afr. J. Agric. Res. measurements are made at the same time of each day (Smajstrla et al., 2000) .
The location of an evaporation pan is very important for reliable estimates of evaporation. The tub should be placed in open fields and not on bare ground or next to areas with gravel or black top. These areas increase evaporation due to temperatures that are above normal. Moreover, the pan should not be placed under trees or near buildings where it will be shaded for part of the day.
Vegetations within 10 meter radius of the tub should be kept mowed. An ideal location is a grass land next to the irrigated area. The conditions should be representative of what the crop is experiencing, taking into account wind, sunlight and temperature (Factsheet, 2006) . A single small upwind obstruction should not be closer than 5 times of their height above the pan; for clustered obstructions, this becomes 10 times. Plots should be sufficiently large to ensure that readings are not influenced by spray drift or by upwind edge effects from a cropped or otherwise different area. Such effects may extend to more than 100 m (Anon., 2008b). The site should preferably be under grass, 20 × 20 m, open on all sides to permit free circulation of the air. It is preferable that stations be located in the centre or on the leeward side of large cropped fields (Allen et al., 1998) .
For a number a reasons such as less water volume in the evaporation pan, quickly affected by variations in air temperature, the heat reflecting from the evaporation pans and the heat exchange in the pan wall, the amount of evaporation from a big large water bodies (lake, dam, reservoir, etc.) is not equal to the amount of evaporation from pan. However, this may be due to the lag of increase in temperature of large water body as compared to water in the evaporation pan. Therefore, the amount of evaporation from free water surface can be found by multiplying by a pan coefficient (Kp), which varies between 0.60 and 0.80 depending on pan surface features and the amount of evaporation (Epan) from pan (Doorenbos and Pruitt, 1975; Apan, 1982) . One common method to estimate ET0 is to convert the class A pan evaporation (Epan) into ET0 by using a pan coefficient (Kp), which varies depending on the site and the weather conditions as stated by Doorenbos and Pruitt (1977) and Allen et al. (1998) . Furthermore, if experimental data is not available, a Kp value of 0.80 can be used to determine the reference ET needed in irrigation program as stated by Çevik et al. (1994) . Thus, the correlation between evaporation from an evaporation pan and evaporation from a free water surface can be written by the following (Equation 1):
Where ET0: the open water evaporation or reference evaporation (mm), Epan: the pan evaporation (mm), Kp: the pan coefficient. Since crop water use is directly related to water evaporative demand, the crop evapotranspiration (ETc) can be estimated in comparison with pan evaporation (Epan). Daily Epan readings provide a practical basis for estimating daily ETc by use of a pan factor (Kp) and thus determining the amount of water required to replace crop water use (Tyson and Curtis, 1998) . ET0 is often estimated from evaporation pan data because they are widely available and for over a longer duration than more recently available micrometeorologically based ET0 estimates. An evaporation pan estimation of ET0 relies on determination of the pan coefficient (Kp), which depends on upwind fetch distance, wind run, and relative humidity at the pan site (Grismer et al., 2002) . The class A pan coefficient (Kp) has been used to convert pan evaporation (Epan) to grass-reference evapotranspiration (ET0), an important component in water management of irrigated crops (Sentelhas and Folegatti, 2003) . Doorenbos and Pruitt (1977) 
presented a table with Kp
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Use of the crop coefficient (Kc)
The water consumption of a given plant is represented by its evapotranspiration (ETc), generally defined as the rate of transfer of water vapor from plant and wet soil surfaces to atmosphere at different growth periods for its satisfactory growth and economical production. Water requirement of crops varies according to cultivar, so they have different ET rates. Even though the evapotranspiration of many crops are similar, there are differing factors such as plant cover, available water capacity of soil, physiological reactions of plants in crop evapotranspiration, and total available leaf area for transportation of water to atmosphere (Christiansen and Hargreaves, 1970) . Therefore, crop coefficients are required for calibration of the relationship between evapotranspiration and free water surface.
Crop coefficient (Kc) is defined as the ratio of the crop evapotranspiration to the reference evapotranspiration and it can be calculated by different methods (e.g. single crop coefficient method and dual crop coefficient method). The water requirements of specific crops are calculated as a decimal fraction of the ET0. This decimal fraction is called as the crop coefficient (Kc). Crop coefficients depend on the type of crop and its stage of growth (Jensen et al., 1990) . The crop coefficient represents a crop-specific water use and it facilitates estimation of irrigation water requirements (Singh et al., 2007) . The crop coefficient adjusts the calculated reference ET0 to obtain the crop evapotranspiration ETc. The reference ET is a measurement of the water use for that reference crop. Grass is often used as a reference crop in the estimation of ET0. However, other crops may not use the same amount of water as grass due to changes in rooting depth, crop growth stages and plant physiology. The crop coefficient (Kc) takes into account the crop type and crop development to adjust the ET0 for that specific crop. There may be several crop coefficients used for a single crop throughout an irrigation season depending on the crop's stage of development. Crop coefficients may also vary depending on how the evapotranspiration values have been calculated or obtained (Factsheet, 2001) .
Crop coefficients (Kc) have also been generally used in studies related to reference crop evapotranspiration (ET0). In recent years, an approach for estimation of crop evapotranspiration has been widely used; initial evapotranspiration data of a reference crop (grass, alfalfa, etc.) is determined, then it is used to calculate actual crop evapotranspiration by adjusting with a crop coefficient (Kc) (Doorenbos and Pruitt, 1977) .
Thus, if we have access to data for a free water surface or a reference crop in the calculations of crop evapotranspiration, then it is more suitable to use Equation 2.
Where ETc: crop evapotranspiration (mm), ET0: evaporation from free water surface or reference evapotranspiration (mm), Kc: crop coefficient. Furthermore, if empirical models are used for estimation of crop evapotranspiration then the calculated values are used for ET0 in the Equation 2. For example, if we have the Penman-Monteith model (ET0-PM) (Allen et al., 1998) , the crop evapotranspiration can be obtained from the following relation (Eq.3):
Where ETc: crop evapotranspiration (mm/day), ET0 (PM): reference evapotranspiration data calculated by Penman-Monteith model (mm/day), Kc: crop coefficient. Furthermore, evapotranspiration can also be calculated by using the FAO 56 dual crop coefficient method. The dual crop coefficient approach is more complicated and more computationally intensive than the single crop coefficient approach (Kc). The procedure is conducted on a daily basis and is intended for applications using computers. It is recommended that this approach should be followed when improved estimates for Kc are needed, for example to schedule irrigations for individual fields on a daily basis (Allen et al., 1998) . But, in this method, the Kc factor is divided into two separate coefficients, a basal crop coefficient for transpiration (Kcb), which describes plant transpiration, and a soil evaporation coefficient (Ke), which describes evaporation from the soil. Thus, it is Kc = (Kcb + Ke) and the ETc equation can be written as follows (Equation 4 ). This procedure, using separate estimates of the plant and soil components of the crop coefficient, would allow an independent observation of both components and the comparison between them (Paco et al., 2006) .
The basal crop coefficient Kcb represents the ratio of ETc to ET0 under conditions when the soil surface layer is dry, but where the average soil water content of the root zone is adequate to sustain full plant transpiration. Additional evaporation due to wetting of the soil surface by precipitation or irrigation is represented in the evaporation coefficient Ke (Pereira, 2005) . The Kcb is defined by Burman et al. (1980) as the crop coefficient attained under minimal soil evaporation, assuming nonlimiting available soil water for plant growth or transpiration. During the off-season and during early crop growth, evaporation is the main component of ETc. Therefore, a good estimate of the Ke for bare soil is useful to estimate early and late-season soil evaporation.
If irrigated with sufficient frequency, the Kcb would likely be higher than the bare soil crop coefficient and it would be constant during the initial period. Leaf growth directly affects crop transpiration, and then affects Kcb. Furthermore, irrigation and rainfall can cause a peak value of Ke. For water limiting conditions, the coefficients of Equation (4) are multiplied by reduction factors (0 to 1) when soil water storage in the root zone has been depleted under a threshold value that separates weather controlled constant rate from soil profile controlled falling rate evapotranspiration. The reduction function is determined by Equation 5:
Where Ks (-) is the reduction coefficient, TAW (-) the total available water (that is, water stored in the root zone between field capacity and permanent wilting point), Dr (mm) the root zone depletion and RAW (mm) is the readily available water (that is, a user defined threshold between stage one and stage two evapotranspiration). Thus, the final equation for the actual crop evapotranspiration is written as follows (Equation 6):
Where Ks (-) is the reduction coefficient for the transpiration component. For the evaporation component, Ke is defined as (Equation 7):
Where Kr (-) is the evaporation reduction coefficient, Kc max (-) the maximum evapotranspiration coefficient of wet soil being 1.2 by default, Kcb (-) the basal crop coefficient for the transpiration component and few (-) is the soil fraction not covered by plants and exposed to evaporation (Allen et al., 1998; Bodner et al., 2007) .
Use of the crop-pan coefficient (Kcp)
The rate of water use by a crop under field conditions can be estimated by the following two-step process. First, calculate potential evapotranspiration (ETp) by multiplying the rate of evaporation from evaporation pan by a correction factor called a pan coefficient (Kp). Etp is a reference ET rate, specifically the ET rate from a short, well-watered, actively growing crop with a canopy that completely covers the soil surface, such as a grass crop. Second, calculate crop ET by multiplying ETp by a crop water use coefficient (Kc) for the specific crop, stage of growth, and cultural conditions (Smajstrla et al., 2000) .
Considering the afore mentioned explanations, it is clear that there is a linear correlation between actual crop water consumption (ETc) and pan evaporation. However, for direct calculation of ETc by using pan evaporation method, there is a need for a local calibration coefficient, which varies depending on crop, climate and soil conditions. Two coefficients (Kp and Kc) should be used together for correct computation. Kp are used for determining the correlation between evaporation from pan evaporation and a free water surface. Kc used for determining the correlation between crop evapotranspiration and a free water surface. To explain this stuation, equations suggested by Allen et al. (1998) can be written as (Equations 8 and 9):
Thus, if the pan evaporation method is used for the estimation of crop evepotranspiration, use of Equation 10 or 11 is more suitable Kanber, 2000, Gencoglan et al., 2006) .
In this equation is Kc × Kp = Kcp and it can be rewrittten as following (Equation 11):
Where Kcp: Crop-pan coefficient. Many researchers are using interchanging terms used for the "crop-pan coefficient" with "crop coefficient", "pan coefficient" and "percentage of total evaporation from pan (Epan %)". Whereas, in the light of the explanations mentioned before, it is clear that in the case where they used the pan evaporation method for estimation of actual crop evapotranspiration, it is far more suitable to use the "crop-pan coefficient (Kcp)" term for coefficients chosen.
For a more detailed explanation about this subject, examples of graphs from Maldonado et al. (2006) can be given. In their studies, the irrigation for sugar beet was scheduled according to crop evapotranspiration by pan evaporation method and the Penman-Monteih equation. According to the results, the crop evapotranspiration was 460 mm for the pan evaporation method and 565 mm for the Penman-Monteith method. That is, the PenmanMonteith method overestimated the crop evapotranspiration by 22.3% in relation to the pan evaporation. In conlusion, the pan evaporation method was estimated the crop evapotranspiration adequately for sugar beet irrigation scheduling. Also the water use between irrigations was compared to the Penman-Monteih reference ET; the equation (Y = 1.0784X -0.407) was found to be the best fit, as seen in 
In this case, Kc value is 1.08 for the region related to this study.
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The number 1.02 is the Kcp value for the soil and climatic conditions of study region. In a similar way, irrigation scheduling for sugar beet can be made by multiplying the amount of evaporation from pan and Kcp values determined for each growth stage. In addition to the equations given earlier which are used for the irrigation scheduling, managers can also use deficit irrigation techniques such as percentage of wetted area and crop coverage. Since drip irrigation does not wet the entire cultivated field, one uses the percent ground cover by the plant canopy (fc). This ratio is sometimes also called wetting fraction. If irrigation area (A) is added to Equation 11, the amount of irrigation water required in a drip irrigation program can be calculated from following Equation 15.
Where I: irrigation water requirement (m 3 ), A: cropped area (da), fc: the fraction of soil surface covered by vegetation or wetting factor varied according to plant cover percentage. The plant cover percentage can be determined by equation 16 (Ertek and Kanber, 2003; Ertek et al., 2006; Gencoglan et al., 2006) :
Where Wp: plant cover width (m), Wb: plant row interval or bed width (m).
Crop coefficients are generally depend on the fraction of the total area shaded by the crop (Allen et al., 1998) . Crop coefficients for many vegetables may not be available. It is possible to estimate the crop coefficient at the peak time of year for some crops by using the ratio of bed width to plant cover width. Comparing crop coefficients of other crops that are similar in nature may also be useful (Factsheet, 2001) . Therefore It can be written as folows (Equation 17):
Crop-pan coefficients have been determined through Equation 17 by many researchers in irrigation programs. Thus, as the plant cover ratio increases from early growth season to late season, the Kcp values are also increase. This procedure provides substantial water saving and gives far more favourable results because the crop water demand is relatively low during early growth (Ertek et al., 2002) . Similarly, one can add in an infiltration factor (F) depending on crop growth (Çevik et al., 1994) . In this case, the equation can be written as follows (Equation 18 ).
Where, Ir is irrigation water amount (m 3 ), F is infiltration factor that depends on soil structure. The infiltration factor can be determined by following Table 1 .
No irrigation system is 100% efficient. For sprinkler irrigation systems, we can lose anywhere from 10% to 40% of the water in the air before the water reaches the ground depending on wind and other weather conditions. The amount of water lost to spray drift is referred to as the application efficiency. Such as, surge irrigation systems have been found to increase efficiencies by 8-28% over non-surge furrow systems and trickle systems are typically designed at 90% efficiency. It may be necessary to increase the amount of irrigation water in order to compensate for poor irrigation system efficiency (Jensen et al., 1990) . Therefore, to adjust for irrigation system efficiency, use the following Equation 19:
Where, Ea: the overall efficiency of the irrigation system, %. Furthermore, if the salinity of the irrigation and rain water used by the crop exceeds about 0.6 dS/m, it is likely that yields will be higher when the amount of applied water exceeds that based on our estimates of crop coefficients plus an additional 30% of applied water for leaching (Oster and Arpaia, 2007) . Thus, one can add in a leaching factor (Lf >1.00) depending both on the salinity of the water, and the amount of salts that a particular crop can tolerate. In this case, the equation can write as follows (Equation 20):
Use of pan evaporation for scheduling irrigation
To date, many methods used for crop evapotranspiration have been developed. Some of the developed methods are complexity due to their huge data content. While in pan evaporation method, crop evapotranspiration is estimated by using only an evaporation parameter, in other methods, many climatical parameters are used (Cemek et al., 2004) . Current technology is not capable of measuring how much total water flows through a plant. This amount however, largely depends on the evaporative demand of the air. This can be measured by the evaporation from an open water surface. From evaporation readings irrigations can be timed so that the Ertek 6713 soil is at the right moisture level and irrigations run long enough to replace the water used by the plants (Tatura, 2000) . Many researchers have shown that evaporation pans can be applied accurately to schedule irrigations. An accounting procedure for the management of soil water content is required to make effective use of evaporation pans. Pans must be properly constructed, located and managed for accurate use in evapotranspiration (ET) estimation and irrigation scheduling. All evaporation pans must be calibrated for their specific application. This is made by using pan and crop water use coefficients. Calibration refinement is obtained by field experience (Elliades, 1988; Smajstrla et al., 2000) . Pan evaporation incorporates the climatic factors influencing evapotranspiration into a single measurement (Hansen et al., 1980) and has been used to schedule irrigation for several crops (Jensen and Middleton, 1970) .
Evaporation pans also provide ET data. If the ET data used is obtained from a crop-pan coefficient, the pan evaporation (Epan) will have to be converted to a crop water use ET (Factsheet, 2001 ). Crop-pan coefficients for field and row crops are calculated using a method similar to that described by Doorenbos and Pruitt (1977) . In their method, the season is separated into growth periods such as initial, rapid, mid-season and late season. Thus, irrigation water in significant amounts can be saved by choosing suitable coefficients in each growing period, especially smaller coefficients in early and late growth periods, instead of choosing a constant coefficient for all growth periods (Ertek et al., 2006 ). An accounting procedure for the management of soil water content is required to make effective use of evaporation pans. If the ET data used is obtained from a crop-pan coefficient, the pan evaporation (Epan) will have to be converted to a crop water use (Anonymous, 2001 ). This approach can be successfully employed in irrigation scheduling if suitable pan coefficients are available. In the irrigation systems conducted at frequent intervals of irrigation, water is applied to plants at small capacities as amount of evapotranspiration accumulated in the irrigation intervals. For that purpose, evaporation values are used from free water surface (Phene et al., 1990) . Pan evaporation (Class-A pan) method can be utilized in irrigation scheduling in case there are available pan coefficients in hand. Therefore, evapotranspiration of grown plants can be determined by pan evaporation with the help of predetermined coefficients (Doorenbos and Pruitt, 1975) .
Etc/epan ratios
Determination of the ratio between evaporation and crop evapotranspiration consists of three phases as follows; (1) determining of the most appropriate irrigation schedule; (2) determining of ETc/Epan ratio in the most appropriate irrigation scheduling; (3) inspecting through field experiments of this ratio. Simple ratio (ETc/Epan) in the estimation of evapotranspiration by using free water surface evaporation method is naturally depend on crop variety and growth, soil characteristics, amount of soil water and type of pan (Goldberg et al., 1967; .
In the conducted experimental studies by using evaporation pan, actual Kcp values for different crop growth periods can be calculated by dividing the amount of evaporation from evaporation pan by actual evapotranspiration of experiment treatment pertaining to optimum yield obtained with irrigation water calculated by using different Kcp values. In this case, Equation 21 can be written as:
In a study related to irrigation scheduling of summer squash conducted by Ertek et al. (2004) , very important correlation coefficient (R 2 = 0.98) was determined between Epan and seasonal evapotranspiration (ETc). It has revealed once again that evaporative pans were important in estimaton of crop water requirements. Furthermore, ETc/Epan ratios varied from 0.2 to 1.16 during the growth season. These ratios were increased from early to mid-season and later decreased from midseason to late-harvest ( Figure 5 ). In the study, Kcp value in question at calculation of irrigation water was taken as 0.85 from early to late season. Whereas, these values is less in the early season and from mid-season to late harvest, thus, there are requirement for much bigger Kcp values than 0.85 in the mid season. Eventually, it is clear that choice of the most suitable Kcp value taking into consideration of crop growth periods in such studies will provide both economic yield and large water saving.
According to Factsheet (2001) , the maximum canopy cover often coincides with the time of year that sun radiation and air temperature are at their greatest. The maximum ET therefore occurs during mid-season.
According to the FAO method, crop coefficients are represented by straight lines connecting four general growth stages, as indicated in the Table 2 (Doorenbos and Pruitt, 1977; Jensen et al., 1990) . During initial growth and mid-season, the Kc0 values are initially fixed at Kc1 and Kc2, respectively. During the rapid growth period, when the canopy increases from about 10% to 75% ground cover, the Kc0 value increases linearly from Kc1 to Kc2. During late season, the Kc0 decreases linearly from Kc2 to Kc3 at the end of the season. As a crop canopy develops, the ratio of transpiration to ET increases until most of the ET comes from transpiration and evaporation is a minor component. This occurs because the light interception by the foliage increases until most light is intercepted before it reaches the soil. During the off season and early during crop growth, evaporation is the main component of ET. Therefore, crop coefficients for field and row crops generally increase until the canopy ground cover reaches about 75% and the light interception is near 80%. For tree and vine crops the peak Kc0 is reached when the canopy has reached about 63% ground cover. A difference between the crop types occurs because the light interception is higher for the taller crops .
On the other hand, studies conducted in the recent years revealed that ETc/Epan ratios were unchanged from early to late season in certain field crops. This ratio was determined as 1.10 for alfalfa by Pruitt (1966) . In the studies on cotton conducted by Fuchs and Stanhill (1963) , ETc/Epan ratio was determined as 0.69 throughout irrigation season. The results indicated that 
Growth stages
Kc values Explanation Initial Kc1
The average Kc value from planting to about 10% ground cover.
Rapid Growth
Kc1-Kc2
From 10% ground cover to 75% cover or to peak water use, which ever comes first.
Mid season Kc2
The average value from the end of the rapid growth stage until water use begins to decline due to crop aging.
Late season
Kc2-Kc3
From when Kc begins to decline until harvest or when water use ceases or becomes minimal.
Harvest
Kc3
The average value at harvest or the end of the water use season.
ETc/Epan is constant for the field crops increasingly grown from early to late season. Furthermore, ETc/Epan ratio is less in the early season for the vegetables crops. Similar results were found at eggplant and pepper by Ertek et al. (2006 and .
Reduced-size evaporation pans
A variety of evaporation pans are used throughout the world. There are formulas for converting from one type of pan to another type. Also, they are included in environmental and meteorological parameters (Bosman, 1990) . Also, research has been done about the installation practices of evaporation pans so that they can make more reliable and repeatable measurements (Bosman, 1987) . An evaporation pan is used to hold water during observations for the determination of the quantity of evaporation at a given location. Pans are available in varied shapes and sizes. Circular or square pans are used commonly in the practice. The best known of the pans are the "Class A" evaporation pan and the "Sunken Colorado" Pan (Allen et al., 1998) . Often the evaporation pans are automated with water level sensors and a small weather station is located nearby. Because of the large area occupied by a class-A pan, alternative methods have been sought to estimate ETo inside greenhouses. Among them, the reduced-size pan and the atmometer deserve special attention (Fernandes, 2003) . Studies conducted in the recent years have revealed that reduced-size evaporative pans can be utilized for irrigation scheduling in the greenhouse conditions. In a study conducted by Cemek et al. (2004) were found to vary with airing conditions of greenhouses of evaporation amounts in the pans. Furthermore, evaporation values from glass evaporation pans were closer to class-A pan values. They were deduced that it can be able to determine of evaporation amount from class-A pan through calibration of evaporation amount from glass tube with 100 ml capacity placed on the greenhouse floor. Farias et al. (1994) , comparing ET0 values estimated by different methods, observed coefficients of determination equal to 0.54, between ET0 estimated by the class-A pan installed inside a greenhouse and ET0 estimated by the same method, but outside the greenhouse; 0.72, between ET0 estimated by the reduced pan inside and ET0 estimated by the class-A pan outside; and, 0.81, between ET0 estimated by the reduced pan and ET0 by the class-A pan, both installed inside. Based on these observations, they indicated the possibility of installing the reduced-size pan inside the greenhouse to estimate ET0, instead of using the class-A pan.
Conclusıon
Since the direct measurement methods used for calculating crop water consumption are expensive and time-consuming, it can not be used safely for coming years due to global climate change. The estimation methods of evapotranspiration by using climatic data will become increasingly more important. Pan evaporation method is pretty usefull for get result in a short time in irrigation scheduling in terms of technical facilities and easily adaptation to climatic changes. Furthermore, since climatical factors influencing evaporation also affect the evapotranspiration, the evaporation pans gives favourable results for the irrigation scheduling. Energy is needed to change water from liquid to vapour phase. This is largely supplied by solar and terrestrial radiation. Thus, solar energy falling on to a farmland continuously forces soils and plants to lose water by evaporation and transpiration at a rate proportional to intensity of the solar energy. In conclusion, in case of rise of temperature due to global warming, Epan values will increase, consequently, amount of water applied for the plants. Thus, it will provide a great advantage to use of Kcp values calibrated in same region before.
When the evaporation pan is used to prediction of evapotranspiration, selected coefficients should be denominated as crop-pan coefficient (Kcp). The pan coefficient (Kp) is calibration coefficient used for predicting free water surface evaporation or reference crop evapotranspiration by pan evaporation. Plant coefficient (Kc) is calibration coefficient used for predicting water use of any plant by reference crop evapotranspiration. Therefore, it is clear that the coefficients are not intercangeable.
Kp or Kc used for the irrigation scheduling, should be individually determined for each plant growth stages such as germination stage, flowering stage, fruit stage, fruit ripening stage, and harvest stage. To obtain optimum yield and water saving, water requirement of crops in different growth stages should be accuratelly determined. Furthermore, such a information on crop coefficient at different phenophases of crop is helpful in assessing the actual water requirement of the crop and hence in irrigation scheduling and crop planning for different agroclimatic regions.
In addition to cumulative evaporation measured from in the pan, the amount of precipitation during the same period must be also considered in the irrigation water calculation.
Since plant water consumptions vary according to crop variety and regional conditions, the equations pertain to crop-pan coefficients for each crop variety and region must be developed or related coefficients should be determined.
Since the evaporative pans are occupied relatively large place in the greenhouse, reduced-size pans calibrated according to the standart evaporative pan can be usefull for irrigation scheduling of greenhouse crops. Furthermore, because of the influence of climate factors on ET0, the reduced-size pans is should be also adjusted for the various climatic conditions. While crop water consumption is under the influence of bare soil evaporation (Ke) in the early growth stages, it is under the influence of transpiration (Kcb) in the others growth stages. Therefore, calculation of Kcp after determination of crop coefficient (Kc) by using dual crop coefficient is important in terms of water saving and determining of full crop water requirement. As the vegetation develops, Kcb reaches to a maximum value, then decline as the crop matures its moisture requirements diminish. Furthermore, crop water consumption under the drip irrigation is accepted in the transpiration conditions and Kcb is quite important for drip irrigation scheduling.
Due to the fact that the evaporation rates vary depending on the quality of evaporating water, irrigation water should have the same quality of water filled in the pans.
Heavy rain and very high winds are likely to cause splash-out from pans and may invalidate the measurements. The level of the water surface in the evaporimeter is important. If the evaporimeter is too full, as much as 10% (or more) of any rain falling may splash out, leading to an overestimate of evaporation. Too low water level will lead to a reduced evaporation rate (of about 2.5% for each centimeter below the reference level of 5 cm, in temperate regions) due to excessive shading and sheltering by the rim. If the water depth is allowed to become very shallow, the rate of evaporation increases due to increased heating of the water surface. It is advisable to restrict the permitted water-level range either by automatic methods, by adjusting the level at each reading, or by taking action to remove water when the level reaches an upper-limit mark and to add water when it reaches a lower-limit mark. Moreover, an inspection should be carried out at least once a month, with particular attention being paid to the detection of leaks.
The pan should be cleaned out as often as necessary to keep it free from litter, sediment, scum, and oil films. The addition of a small amount of copper sulphate, or of some other suitable algacide, in the water is recommended to restrain the growth of algae (WMO, 2009) . It is recommended that the pan should be installed inside a short green cropped area with a size of a square of at least 15 by 15 m. The pan should not be installed in the centre but at a distance of at least 10 m from the green crop edge in the general upwind direction (Allen et al., 1998) . The ground cover at the evaporation station should be maintained as near as possible to the natural cover common to the area. Grass, weeds, etc. should be cut frequently to keep them below the level of the pan rim for pans (7.5 cm). Under no circumstance should the instrument be placed on a concrete slab or asphalt, or on a layer of crushed rock. This type of evaporimeter should not be shaded from the sun (WMO, 2009).
As a result, evaporation pans must be constructed, maintained, and located according to standard specifications to be an accurate reference for irrigation scheduling.
